Background: Chronic stress increases the risk of excess intake of calorie-dense foods. Low-income minority caregivers in the United States are cumulatively exposed to stressors and unhealthy foods, but evidence of this association is limited in this population group. The objective of the current study was to assess the association between chronic stress and unhealthy dietary behaviors among low-income African-American caregivers in Detroit, Michigan. Results: Approximately 10% of caregivers experienced chronic stress as they all reported discrimination, residential movement, and lack of social support. Twenty-five percent of the caregivers were found to have an unhealthy dietary pattern characterized by excess intake of high fatty foods and soda. Chronically stressed caregivers were more likely to exhibit unhealthy dietary behaviors (prevalence ratio: 1.39; 95% CI: 1.05, 1.84), and this relation was significantly mediated by depressive symptoms, not current smoking.
Introduction
Repeated exposure to stressful events has been associated with a high intake of calorie-dense foods (1) . Similar to drug dependence, individuals with experiences of a series of stressful events can develop a dependence on calorie-dense foods (1) . This causal pathway is supported by the national study in the United States, which found that individuals with high psychosocial stress were more likely to report drinking soda and eating fatty foods (2) . The increased risk of developing such unhealthy dietary behaviors is a serious public health concern because it could increase the risk of obesity, diabetes, and cardiovascular disease (3, 4) .
Chronic stress is attributed to both individual-and neighborhoodlevel factors (5) . At the individual level, experiences of ongoing stressful life events (e.g., caregiving, relationship stress, financial stress) and perceived discrimination due to minority status have been identified as chronic stressors (6) . At the neighborhood level, living in deprived neighborhoods (i.e., neighborhood poverty) has been independently linked to high allostatic load, which is a biomarker of chronic stress (7) .
Multiple studies report that African Americans are more likely to perceive racial discrimination in their daily activities and interactions, which is linked to chronic stress. Especially among African-American women from low-income, urban areas, chronic stress has been associated with increased risk of depressive symptoms, reflecting additional financial and psychological burdens from parenting challenges on top of chronic stress from discrimination (8, 9) . Chronic stress has been also associated with unhealthy dietary behaviors (e.g., emotional eating, uncontrolled eating) (1, 2), particularly among low-income minority women with young children (10) . Due to cumulative exposure to chronic stressors such as perceived racial discrimination and limited access to healthy foods, the relation between chronic stress and unhealthy diets may be more pronounced among low-income minority caregivers from urban neighborhoods (11) , but existing evidence is quite limited because of the small sample size. The current study, using data from a population-representative sample of low-income African-American female caregivers in Detroit, Michigan, aimed to test the association between chronic stress and an unhealthy dietary pattern. In addition, to better understand the mechanism of this association, the study tested a mediator role of depressive symptoms or current smoking, which have been strongly associated with chronic stress (12, 13) .
Methods

Study population
Data came from the Detroit Dental Health Project, a longitudinal study conducted by the Detroit Center for Research in Oral Health Disparities. A multistage area probability sample design was used to create a sample representative of low-income African-American families living in Detroit, Michigan. Specifically, we constructed a stratified 2-stage area probability sample of households from the 39 census tracts with the highest percentage of residents living <200% of the poverty level in Detroit, Michigan, according to the 2000 US Census. There were 118 blocks within these tracts systematically selected with probability of selection proportionate to size. After the blocks were selected, other adjacent or nearby blocks were added to form segments of equal sizes, each with ∼100 housing units. Housing and non-housing units were identified within each of the segments, and a random sample of households was selected. Each selected household was visited and screened for eligibility. We considered a household with ≥1 caregiver and 1 child ages 0-5 y to be eligible for the study. We identified and reached out to 1386 eligible families, and 1021 child-caregiver pairs participated in the baseline study (2002) (2003) . These baseline participants were followed over 4 y in 2 subsequent surveys and dental examinations (2004-2005 and 2007) . While dental examination data were collected by dentists, sociodemographic characteristics, oral health status and beliefs, general health status and beliefs, access to care, food intake, and psychosocial and environmental factors were collected by trained interviewers (14) . The study used the baseline data because food intake information for caregivers was only collected at baseline. Fifty-seven participants were excluded because their reported food intakes appeared to be improbably low or high. Fifty-two male caregivers were further excluded because they were different from female caregivers in many characteristics (15) . This resulted in a total sample of 912 female caregivers.
The study protocol was approved by the Institutional Review Board for Health Sciences at the University of Michigan (H03-00001546-R1) and caregivers of all participants signed approved consent forms.
Measures
In this study, chronic stress was defined as an experience of minority stress and common stressful life events, which are 2 areas of construct of stress (16) . Specifically, minority stress was measured by using the everyday discrimination scale (17, 18) . A response option of each discrimination question was dichotomized into 0 = perceived discrimination that occurs less frequently than a few times a month or more and 1 = perceived discrimination a few times per month or more, and aggregated scores were then categorized into 3 categories (never, <5 areas, ≥5 areas). To capture common stressful life events, we used 2 variables: 1) lack of social support, which was defined by responding "No" to ≥1 of 5 questions (help with errands, help with financial needs, help with childcare needs, help with transportation needs, availability for emotional support), and 2) residential movement in the past 5 y. Having all 3 experiences (perceived discrimination, lack of social support, residential movement) constituted chronic stress. Dietary information was collected by trained interviewers from the community using the Block 98.2® food-frequency questionnaire (FFQ), developed by Block Dietary Data Systems, Berkeley, California, and validated in previous studies (19, 20) . Interviewers were trained over a period of 1 mo, and the quality of the data collected was regularly reviewed during the 11-mo data collection period. Dietary intake interviews were videotaped, providing an objective review of the interviewing technique. Investigators also conducted periodic face-to-face meetings with the interviewers. This FFQ captured the frequency of consumption of a wide variety of food items as well as the number of servings and portion sizes during the last year, which were then converted into daily intakes of each food item in grams and total dietary intakes in kilocalories using Block's algorithm based on data from several USDA National Food Consumption Surveys. In addition to data about chronic stress and diet, caregivers' demographic (household income, educational attainment, number of children), clinical (self-rated health, diabetes, sexually transmitted diseases), and behavioral (current smoking, depressive symptoms) characteristics were collected via self-reported responses to survey questions. In particular, depressive symptoms were measured using the 20-item Center for Epidemiologic Studies-Depression Scale (CES-D) (21) . CES-D scores of ≥16 were considered as presence of depressive symptoms (22) .
Statistical analysis
We first combined 109 individual food items from the FFQ into 36 food categories based on similarities in nutrient contents using the American Diabetes Association Meal Planning Exchange Lists (23) . These categories were further reduced to 13 food groups using the VARCLUS procedure in SAS software and 4 liquid groups ( Table 1) . We then performed cluster analysis to identify distinct dietary patterns using Ward's agglomerative approach (24) . We determined the optimal cluster solution based on the pseudo t statistics.
Demographic, behavioral, and clinical characteristics of caregivers were then described and tested by chronic stress using chi-square tests or independent t tests. We also computed mean daily consumption of 13 food groups and 4 liquid groups by dietary patterns that were identified by cluster analysis. With independent t tests and Bonferroni correction for multiple comparison, we tested if the consumption of particular food or liquid groups was higher or lower in a particular cluster to characterize dietary patterns and identify an unhealthy dietary behavior. We conducted multivariable regression analysis to test whether chronic stress was associated with an unhealthy dietary behavior. To account for potential confounding, we included underlying characteristics that were significantly different between chronically stressed caregivers and others as covariates. A log-linear Poisson regression model was used to address bias due to common outcomes (25) . In addition, a causal mediation analysis was performed to assess whether the association between chronic stress and an unhealthy food intake pattern was mediated by depressive symptoms or current smoking. This algorithm, which was implemented in the R mediation package (R Foundation), allowed us to understand a specific causal mechanism by quantifying a proportion of association between exposure and outcome (total effect) explained by a pathway through a mediator (indirect effect) or not (direct effect) (26) . All potential confounding between exposure and outcome as well as between exposure and mediator was accounted for, and 95% CIs of these estimates were calculated via quasi-Bayesian Monte Carlo approximation. Statistical analyses were conducted using SAS version 9.1.3 software (variable reduction, cluster analysis; SAS Institute) and R software (cluster analysis, survey analysis, mediation analysis). Complex sample design and survey weights were accounted for. Statistical significance was set at 2-sided P values <0.05.
Results
Participating female caregivers were 28 y old (SE = 0.3), on average, and raising 2 children (SE = 0.03), on average, at the time of the survey ( Table 2 ). Approximately 92% of the caregivers were biological mothers, followed by grandmothers (5%) and someone else (3%). Approximately half of the caregivers had a household income <$10,000 and did not have high school degrees. A majority reported to move at least once in the past 5 y, and 35% had a lack of social support. Sixty-six percent of the caregivers reported that they experienced discrimination a few times per month or more. Approximately 80% of the caregivers rated their health as good or higher, but many reported chronic health conditions (e.g., prevalence of depressive symptoms: 33%; prevalence of obesity: 47%) and a current smoking behavior (41%).
Ten percent of the caregivers met a definition of chronic stress. These caregivers reported lack of social support, frequent discrimination in >5 areas, and moving in the past 5 y. Compared with those without chronic stress, they were more likely to attain a lower education and to have more frequently moved in the past 5 y (4 vs. 2 times), whereas there was no difference in average age, household income, average number of children, and self-reported health conditions between the 2 groups. Chronic stress was strongly associated with current smoking (57% vs. 39%) and depressive symptoms (70% vs. 29%).
The cluster analysis identified 3 groups of caregivers who shared unique dietary patterns ( Table 1 ). The tree plot shows 3 visible separations of the caregivers based on diets, which were determined to be optimal according to the pseudo t statistics (Supplemental Figure 1) . According to the independent t tests, the first group (cluster 1: n = 367, 40%) was characterized as caregivers with a lower intake of fruits, vegetables, and whole milk compared with the other groups. The second group (cluster 2: n = 317, 35%) exhibited a more diverse dietary pattern than the other groups, including a higher intake of fruits, vegetables, grain products, reduced-fat milk, and low-fat meat, and a lower intake of soda. The last group (cluster 3: n = 228, 25%) was characterized as those with an excess intake of starch/fat food items and soda. However, there was no statistically significant difference in total dietary calorie intake across 3 dietary patterns.
Approximately 15% of the caregivers with chronic stress had a dietary pattern of excess fat and soda intake, whereas 7% of those without chronic stress exhibited this unhealthy dietary pattern. The average consumption of starch/fat food items was 435 g (SE = 56) and 354 g (SE = 19) among chronically stressed caregivers and others, respectively. After accounting for demographic characteristics and total dietary calorie intakes, chronic stress was associated with a dietary pattern of excess fat and soda intake ( Table 3) . Chronically stressed caregivers were 1.39 times more likely to exhibit this unhealthy dietary behavior (95% CI: 1.05, 1.84) than the others. We found a significant indirect effect (i.e., mediation effect) by depressive symptoms using the causal mediation method, but there was a nonsignificant direct effect ( Table 4) . This indicates that chronically stressed caregivers were more likely to be depressed (prevalence ratio: 2.21; 95% CI: 1.66, 2.94), which could lead to developing a dietary pattern of excess fat/soda intake. If there were no differences in depressive symptoms between chronically stressed caregivers and others, chronic stress would have not been associated with an unhealthy behavior. This indirect pathway through depressive symptoms explained ∼41% of the relation between chronic stress and an excess fat/soda intake pattern. However, there was no significant mediation effect by current smoking. The association between current smoking and chronic stress was not statistically significant (prevalence ratio: 1.27; 95% CI: 0.94, 1.71), and the indirect effect via current smoking was very small and not statistically significant (−0.001; 95% CI: −0.02, 0.01).
Discussion
In this study, we examined the relation between chronic stress and an unhealthy dietary pattern among 912 low-income African-American female caregivers from Detroit, Michigan, who were mostly biological mothers (92%) and raising children ages 0-5 y. Using both individuallevel and neighborhood-level stressors (perceived daily discrimination, lack of social support, and residential movement), we found that 10% of these caregivers experienced chronic stress. In addition, 25% of the caregivers reported an unhealthy dietary pattern characterized by an excess intake of high fatty foods and soda. This behavior was significantly associated with chronic stress where depressive symptoms played a significant mediator role. A positive relation between stress and unhealthy diet in this study is consistent with that reported by previous studies (1, 2) . By replicating the previous results using data from a homogeneous group of lowincome African-American caregivers, we believe that our study contributes to strengthening and expanding the existing evidence on the chronic stress and unhealthy diets relation. The current sample design that only selected those living in deprived urban neighborhoods controlled for a neighborhood-level influence on both stress and diets (5, 27) . Given challenges with measuring this potential neighborhoodlevel influence, this helped reduce confounding bias, and hence improved the validity of the extent to which chronic stress was associated with unhealthy dietary behaviors at the individual level. In addition, the current study provided evidence on a possible mechanism linking stress and unhealthy dietary behaviors through depressive symptoms. According to the mediation analysis, chronically stressed caregivers were more likely to feel depressed, which could, in turn, influence them to develop a behavior to crave high fatty foods and soda. By linking 2 well-established pathways (stress to depressive symptoms, depressive symptoms to unhealthy diets) (28-30), we found that this indirect path explained 40% of the main association. It implies that a program/intervention such as relaxation training may be considered a strategy for addressing depressive symptoms as an effective means to help develop a healthy dietary pattern among chronically stressed caregivers (31) .
Unlike depressive symptoms, the data did not support a mediator role of current smoking in the relation between chronic stress and an unhealthy dietary behavior. The proportion of the total effect explained by an indirect effect via current smoking was −0.04%, which was not statistically significant. This was mainly attributed to the null association between current smoking and diets, suggesting that a positive relation between smoking and intakes of sugary and fatty foods in the previous studies cannot be generalized to the low-income African-American caregivers from urban areas (32, 33) .
The prevalence of chronic stress in this study was lower than that reported in the 2000-2001 Multi-Ethnic Study of Atherosclerosis (10% vs. 35%) (34) . We believe that this difference could be attributed to differences in measurements of chronic stress (individualand neighborhood-level stressors vs. self-reported responses in chronic burden scale) and study populations (young African-American female caregivers vs. adults aged 45-84 y). Within this homogeneous population group living in deprived neighborhoods, we found that chronic stress was not equally reported. This may indicate that, despite material hardship and child-caring responsibilities, some caregivers were able to cope with life challenges. This trait, known as resilience, has been observed in the previous studies of the same population, and is associated with several positive health outcomes, including dental caries and child obesity (35, 36) . Although a definition of lack of chronic stress might not completely correspond to the resilience construct, the current finding supports an idea of resilience and its health-promoting behaviors.
Despite some variations in dietary patterns among study caregivers, overall dietary calorie intake was 1.5-2 times greater than the recommended amount according to the national guideline (37) . While average soda intake was similar to the 1999-2001 national average among African-American women ages 20-39 y (397.2 g) (38) , an almost 2.5 times greater soda intake was reported among 25% of the caregivers who exhibited a pattern of excess fatty foods and soda intakes. On the other hand, any particular dietary pattern was not associated with BMI in this population, reflecting the relatively young age of the participants (e.g., 75% of caregivers were <33 y old).
A main strength of this study was the use of cluster analysis to identify dietary patterns. This data-driven method allowed for identifying caregivers who shared similar dietary behaviors by assessing complex dietary exposure to different foods. In addition, the study recruited a homogeneous sample of caregivers living in deprived urban areas, which effectively helped control for neighborhood-level confounding. However, several limitations should be noted. First, the participants could have over-or underreported certain types of foods. In particular, the use of the FFQ could have introduced bias due to recall error or social desirability. Second, the FFQ might not capture unique aspects of the food habits among African-American participants. However, the FFQ data provided sufficient variance to group participants into nonoverlapping dietary intake patterns. Finally, because only baseline data were used, temporality in the causal mediation analysis could not be established.
In conclusion, chronic stress was associated with a dietary pattern of excess soda and fatty food intakes among low-income AfricanAmerican female caregivers. Almost 41% of this association was explained by an indirect pathway through depressive symptoms. This 1 Direct, indirect, and total effects above were expressed as an increased probability associated with chronic stress. For example, overall having chronic stress was associated with an 11% increase in prevalence of unhealthy diets (total effect). Of these, a 5% increase in prevalence of unhealthy diets was explained by increased prevalence of depressive symptoms among caregivers with chronic stress (indirect effect).
finding provides evidence for developing a more targeted intervention to promote healthy dietary behaviors among chronically stressed minority caregivers.
